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PREFACE 



The practicloner of the science of inventory management 
will soon note that I have successfully avoided any mention of 
several oonoepts vital to that science. Some of these Include 
such fundamentals as safety limits , shortage costs, supply 
effectiveness, and military essentiality. Their importance is 
definitely recognized; however, out of a profound respect for the 
breadth and depth of the problems associated with each of those 
concepts, I have left them for the contemplation of future 
students. Each would be an area where research would be fruitful, 
I am sure. I have intentionally limited the scope of this paper, 
motivated by the time limitations imposed by the other require- 
ments of the academic curriculum in which I am enrolled, to 
dealing with that part of inventory sometimes referred to as the 
"operating level of supply." This is the part over and above the 
safety level and is the part susoeptlble to replenishment through 
the use of economic order quantity formulae. 

I am grateful for the suggestions of my contemporaries, 
for the patience of my family, for the information furnished by 
the officers and civilian employees of the Bureau of Supplies and 
Accounts, and for the others who have given so freely of their 
time. I am much indebted to the Commanding Officer of the Ships 

i 



iii 



Parts Control Center, Mechanics burg, Pennsylvania, and especially 
to Lieutenant Commander C, Woodford Rixey, Jr., Supply Corps, 

U. S. Navy, for the sample data Included in Chapter III concerning 
the analysis of the total annual costs of inventory management 
as simulated for material controlled by that command. 
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CHAPTER I 



INTRODUCTION 

The Economics of Inventory Management 



The Department of Defense requires that the replenishment 
of stock at secondary activities of the various distribution 
systems be based on "economic considerations, item characteristics, 
and performance objectives." 3 ’ Replenishment of stock items based 
on economic considerations requires the use of formulae in which 
the quantities to be ordered and the reorder points are functions 
of the several costs incurred in the management of inventories. 
These formulae are in use for segments of the Navy supply system 
and are similar to those which are generally accepted and in use 
today in industry. The reorder quantities which are computed with 
the formulae are sometimes called "economic order quantities," 
"economic purchasing quantities," or even "economic buy quantities. 
These terms will be used interchangeably throughout this paper, 
especially in quoting from the authorities used for reference 
purposes. There also are a number of names given to the rules 

1 Department of Defense Instruction 4140.11 of 24 June 1958. 
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themselves. Some of these are ’’mathematical decision rules,” 
or "scientific decision rules," and in some of the cases, 

"E, 0. Q." (economic order quantity). 

The mathematical derivation of the formulae would be 
redundant here. If the reader is interested, there are several 
authorities available on the subject in which the derivation is 
included. 1 

It is postulated that the most economical method of 
managing inventories would result when the costs associated with 
ordering and the costs associated with holding the material in 
store were at a minimum. These costs are more inclusive than 
sometimes realized. As defined by the Stanford Research Institute: 

The costs associated with holding an item in 
storage include not only the physical holding costs 
(warehousing, etc.), but the interest cost of money 
financing the material, and the obsolescence risk 
rate. The costs of ordering represents the additional 
cost that would be incurred (or could be saved) by 
placing (or not placing) one order , d 



iThe reader is referred to T. M. Whitten, Theory of 
Inventory Management . 2nd Ed,, (Princeton: Princeton University 
Press.' 1958) : The 'Economic Order Quantity-- Scientific Inventory 
Management Simplified . Superintendent of Documents . U. S. Gov't. 
Printing Office, Wash. D. C. (45^) ; E. Everet Welch, Tested 
Scientific Inventory Control . (Greenwich, Connecticut: Management 
Publishing Corporation, February, 1953); John F. Magee, "Guides to 
Inventory Policy I: Functions and Lot Sizes," Harvard Business 
Review . Jan-Feb. 1956, pp. 49-60; or Robert G. Brown, Statistical 
Forecastlnp: for Inventory Control . (Hew York: McGraw-Hill Book 
Company, Inc. , 1959). 

p 

Stanford Research Institute, Advanced Stock Control 
Procedures. Electronics Supply Office . A report prepared for the 
Bureau of Supplies and Accounts, Navy Department, Washington, D.C. 
(Menlo Park, California: Stanford Research Institute, January, 
1959), P. 48. 
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The total annual costs of ordering and holding the 
operating level of supply (the amount in excess of the stock held 
for insurance against stock-outs) can be expressed mathematically 
by the formula: 



TAC 

op 








where : 

T. AO 
op 



A 



Q 

0 



the total annual costs of buying and holding 

the amounts purchased. 

the annual demand 

the ’'buy” quantity 

order cost per order 

the cost of ordering the annual demand 



and: 



P 



1 

fipi 

2 



the unit price of the item 
the holding cost rate.-*- 

the annual cost of holding material in store. 



^The holding cost rate (I) is sometimes incorrectly 
called the interest rate; however, as noted above the holding 
cost rate includes the sum of the obsolescence risk rate, the 
costs of physical storage, and the Interest rate pertaining to 
tM utility of funds which, if they were not used to finance the 
inventory would be available for other purposes. This might be 
shown symbolically as: I = o + s + i. 
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The economio order quantity (or economic "buy" quantity) 



is computed through expressing a relationship between the costB 
associated with holding material in storage and the costs 
associated with placing orders. Symbolically the economic order 
quantity formula could be written as: 



Q = the economic order quantity 
A = the annual demand In units 

0 = the cost to order for each order 
P = the unit price of the item, and 

1 = the holding cost rate. 

This relationship is expressed graphically in Figure 1. 



From this, it can be seen that ordering costs decrease whenever 
larger quantities are ordered since it will be necessary to place 
orders less frequently. On the other hand, as the quantity 
ordered in each purchase increases, Inventories are increased; 
consequently the costs to hold the inventories In store increases. 
Prom Figure 1, it can be noted also that the minimum total annual 
costs would result if a quantity of 500 of the item were ordered; 




where 



5 

however, If a quantity of 400 or 600 were ordered costs would not 
Increase significantly. This is because, at the points near the 
minimum total coot point, one of the coots involved decreases 
about as much as the other increases. This Is one of the virtues 
of using the economic order formula. The last point to mention 
in connection with Figure 1 is whenever a large error is made in 
the computation of economic order quantities, total annual costs 
Increase significantly. This is especially true if the quantities 
are reduced. The lower segment of the total cost curve can be 
seen to rise more rapidly. 

In finding the most economical method of managing our 
Inventories, the use of mathematical formula is necessary; in 
view of the resentment sometimes engendered whenever mathematical 
formulae are introduced, this is unfortunate. However, the 
concept is basic; the optimum (least cost) method of managing 
our inventories Is a most desirable goal. If we are unable to 
attain that goal, at least we should seloot the best alternative 
available, a "better” (less costly) method. This is the same 
concept of economic analysis currently used in the selection of 
alternatives by the Secretary of Defense: 

To help predict the oonsequences of alternative 
policies and practices, we may use models on paper, 
models in our heads, models in the form of games, or 
simulation laboratories to represent the functioning 
of logistics systems. In any event, the alternatives 
should be considered in terms of economic criterion . 

We should look at these choices as problems of 
maximisation in the face of constraints or, in less 
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technical language, as problems of getting the 
greatest capability from our limited resources. 

Again, the -way of looking at these problems is 
what we wish to stress most of all. In addition, 
quantitative analysis . . . can often help us reach 
better decisions about these issues in logistics. 

With the development of these scientific decision rules, 
it is theoretically possible to compute the most economical 
quantities to be ordered simply by substituting the proper values 
for the costs involved in the formula and solving for Q, the 
economic order quantity. It is in the substitution of the proper 
values for the costs involved precisely where the difficulties 
lie. First, they are difficult to determine because they are so 
ephemeral. A less obvious difficulty arises from the fact that 
only the variable elements of these costs are significant to the 
computation and, to determine the variable elements, it is 
necessary to agree on an appropriate time frame of reference. 

What may be true in the long run may not be true, for example, 
from the annual budget point of view. 

It is exactly this point which will be considered in some 
detail in the next chapter. It is recognized that at best the 
discussion can only point to an approach to the problems involved. 



^Charles <T. Hitch and Roland N. McKean, The Economics of 
Defense in the Nuclear Age (Cambridge: Harvard Uni versl ty Press, 
i960 ) , P* 281. (Emphasis mine ) . 







. 

«. i J ***« -*^J *L 





















8 



The solution of the problems involved in the determination of 
these costs has been the object of many years* effort by talented 
organizations. Even so, indications are that much remains to be 
done. The third chapter deals with two of the more current 
approaches to "fit*' the formula to budgetary constraints, and 
recommendations with regard to these efforts. 

In part, some of the discussion Included will be 
applicable to the formula for determining the reorder point 
("when” to order as opposed to "how much," which is the basis for 
the material in this paper). However, consideration of reorder 
points would Involve a discussion of shortage costs (the price 
we pay for not having an item in stock where and when it is 
required), military essentiality (how Important an item is to the 
mission of the ship), and supply effectiveness. Each of these 
concepts is important and is commended to future students as 
fruitful areas of research, especially as they relate to the 
funding of inventories. They are omitted only because of the 
additional time which would be required for their special 
considerations. 

Although it is obvious to those trained in the science of 
Inventory management, it should be recognized by all that the use 
of economic order quantity and variable safety limit formulae Is 
based on the premise that any variation involved is of a random 
nature. This would Include variation in usage and variation in 
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production (procurement) lead-time. If the requirement for an 
item is based on other than "normal” (including only random 
variation) demand, such as, for example, a "Cuban crisis," where 
all available ships were alerted and replenished with all items 
to endurance levels, then the scientific supply decision rules 
are not applicable* Many a supply officer has found himself in 
the position of being out of stock, for example, of enlisted 
men’s neckerchiefs in his clothing store within a few minutes 
after the word "leaked out" that the new commanding officer was 
a "bear" on rolled neckerchiefs (rendering the well-creased 
neckerchiefs in the hands of the crew "obsolete"). Whereas the 
store normally sold from 20 to 30 a month on which the "normal" 
stock of 90 was based, suddenly 850 new ones were needed. It is 
important to recognise this point. If the demand for an item is 
based on other than random demand, the techniques involved in the 
economic analysis of military inventories are not applicable. 

The Navy is faced with a twofold objective of military readiness 
and economical operation. These objectives, in a sense, are not 
compatible in that to increase the effectiveness of one reduces 
the effectiveness of the other. It can be argued that, if the 
Navy must be ready to meet whatever "crisis" arises, then the 
economic decision rules should not be utilised. However, for 
large segments of the Navy’s inventory, the variation In demand 
approaches randomness to a degree that these rules have reduced 
inventory management coots without significantly detracting from 
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military readiness. In a study of these rules for a small 
segment of the inventory controlled by the Naval Supply Center, 



San Diego, the following was concluded* 

The new policy will make possible substantial 
improvements in supply system costs and effectiveness. 

... A conservative expectation is that the new 
policies will permit a permanent reduction in inventory 
investment of §100,000 (approximately 30 percent), a 
reduction in the number of reorders from over 11,000 
to slightly under 4,000 (approximately 65 percent), as 
well as a significant reduction in the number of _ 
shortages (when compared with present procedures). 1 

One of the approaches to obtain efficiency in military decisions 

as proposed by now Assistant Secretary of Defense (Comptroller) 

Charles J. Hitch is by 

Increased recognition and awareness that military 
decisions, whether they specifically involve budgetary 
allocations or not, are in one of their important 
aspects economic decisions? and that unless the right 
questions are asked, the appropriate alternatives 
selected for comparison, and an economic criterion 
used for choosing the most efficient, military power 
and national security will suffer. 

The use of mathematical supply decision rules has 
significant implications. If they are used correctly, then the 



management of military inventories can be performed more 



n 

A Robert F, McIntosh, Improvement of Looal Supply Decision 
Rules at K. S. 0.. San Diego . A report prepare d for the Bureau of 
Supplies and Accounts, Navy Department, Washington, D. 0. 

Prepared by the Planning Research Corporation, Report PRC R-132 
(L 03 Angeles* Planning Research Corporation, 1 October 1959), 

P. 25. 






%itch and McKean, op. clt . . p, 107. 
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economically -without impairing military readiness. If they are 
used incorrectly, or when they are not applicable, unnecessary 
costs may be Incurred. But, more Important, the danger exists 
that while we may manage our inventories more economically, we 
do so only at the cost of sacrificing military readiness to a 
degree that is unrecognized in inventory management decisions. 



CHAPTER II 



THE DESCRIPTION OP COST PARAMETERS 

S&” ■§£&! 

By far the most difficult problem involved in the use of 
economic order quantity formula is the determination of the cost 
parameters. Some of the parameters, which on the surface seem 
relatively easy to determine, are in fact complicated by the many 
factors Involved. For example, the annual demand must be forecast 
in terms of its replenishable (recurring) and its nonreplenishable 
(one-time requirement) nature. Frequently this is difficult to 
determine based on the records available at the point where 
replenishment quantities are being computed. It is necessary to 
treat nonreplenishable demand as known (planned) requirements; 
only the replenishable demand is subject to random variation. 

Many techniques have been devised to assist in forecasting annual 
replenishable demand. Many articles have been prepared with 
respect to forecasting. Random variation in demand can be 
predicted within set limits of confidence on the basis of 
probability formula. The use of past demand should not be 
deprecated as a method, for it very often is the best estimate of 
the future. But it is important to recognize that the computation 
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of the economic order quantity Is a function of predioted demand— 
not past history. Known "J" factors which would affect the future 
recurring demand for an item must be made a part of the forecast. 
One technique used to assist in the determination of demand trends 
is the exponential smoothing technique which weights demand by 
giving more importance to recent developments. Another is the 
use of tracking signals to detect demand surges. Continued 
development of these techniques is encouraged to improve the 
validity of demand forecasts. After all, the decision rules are 
only important in that they affect future costs; these costs are 
a function of the predicted demand. 

The problem of ascertaining the unit price parameter is 
not without difficulties. It is the unit price of the quantity 
to be ordered which is pertinent. At the time the decision is 
made to replenish this may not be known. Often it depends on the 
quantity to be ordered, especially if large quantities are 
involved. The cost of transportation is sometimes included In 
the price of the materials; at other times it is not. 

While both the annual demand and the unit price parameters 
present some very Important problems in computing the economic 
order quantities because of their relative simplicity as opposed 
to the others Involved, most of the discussion will be centered 
on the ordering costs and the costs of holding material in store. 
One of the difficulties in determining these costs stems from the 



14 



fact that the present method of accounting for these costs does 
not facilitate segregation In the manner required. The second 
difficulty is, only the variable elements of the costs incurred 
are involved In a given computation. However, what may be a fixed 
cost in processing the next order, such as the additional 
purchasing clerk’s salary, may, when viewed from the perspective 
of the annual budget, be a variable cost (the clerk could be 
released if enough orders were eliminated); in the long run, every 
cost is a variable cost. 

Ordering costs increase, generally, as the number of 
orders increase. These costs include the salaries of the 
purchasing personnel, telephone bills, correspondence, telegrams, 
filing, processing of receipt documents, the cost of paying bills, 
of unloading facilities, transportation, drayage, inspection, 
receiving and initial warehousing. Strictly speaking, it should 
also include the manufacturer 1 s setup costs; however, these costs 
are rarely known. They can be identified in any situation where 
Intracompany shipments are made, such as in the military. When a 
requisition is placed on another depot, the additional costs 
incurred (by the shipping depot) include processing the Incoming 
requisition, picking, packaging and shipping the item. It should 
be recognized that, while intramilitary requisitioning procedures 



may be less costly than the cost of originating a piirchase order 
to purchase from commercial sources , the double handling of the 
paperwork and material Involved by the military more than offsets 
such economies. 

It is difficult to determine the costs of ordering simply 
because of the manner In which costs are "hidden” in the 
appropriation structure and the "spillover" which results when 
one resource 13 committed to more than one function. For example, 
the Kavy officer who has purchasing as one of the functions for 
which he is responsible is paid from the appropriation, Military 
Personnel, Kavy. The first problem would be to allocate the 
variable portion of his pay and allowances-- 'plus the other expenses 
involved in supporting him as a Kaval officer— to the purchasing 
function. If his time could be apportioned, this would be a 
reasonable basis. In the very short run, of course, no variable 

[i 

element would be involved; all costs would be fixed. In the very 
long run, part of his time could be allocated as a variable cost. 
In a budget year concept, only a part of the long-run costa 
should be so allocated on the premise that the time of military 
officers involved In purchasing could be reduced if a sufficient 
number of purchase orders could be eliminated. Further 
complications arise in that some of the costs in supporting the 
military officer are paid from appropriations other than the 
appropriation Military Personnel, Kavy. 
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By far the greatest portion of the ordering costs are 
paid from the appropriation, Operations and Maintenance, Kavy. 

This includes the salaries of personnel and expenses of the 
ordering office, the salaries and expenses of the receiving 
personnel at the receiving activity, as well as the shipping 
costs of shipping activities when they can be so identified. A 
part of the cost of ordering may be paid for by the appropriation 
financing the material purchased. If shipping costs are added 
to the price of the material, the using activity pays the cost. 
When material is accepted at the contractor's plant, or is shipped 
between military activities, then the service-wide supply part 
of the appropriation pays the additional costs. The co3t of 
construction of office, receiving, and shipping facilities is 
included in the appropriation, Military Construction, Havy. Some 
of the costs, such as the interest on the funds which finance 
the ordering costs, never appear in the Bavy appropriation 
structure. 

It can be seen from the above that, although some effort 
has been expended in determining the variable costs of ordering, 
the collection of these costs is difficult. Also, the variable 
portion of the costs Increases as the time-frame is extended. 

This has resulted In considerable confusion In the implementation 
of the economic order quantity formulae. Several widely divergent 
estimates of the cost to order have been formulated. Most often 
the tendency is to underestimate the ordering costs as reported 



In the Production Handbook , 

One company was surprised to find its cost of 
procurement per order was $21.11. A rule-of-thumb 
figure by other companies is in the- neighborhood of 
§8.00 to $12.00 per purchase order. 1 

The Bureau of Supplies and Accounts recommended that a 
value of $45.00 per order be used by the Stanford Research 
Institute in its study of Advanced Sunni v Decision Rules for the 
■Electronics Supply Office in 1959. 2 The Planning Research 
Corporation in its analysis of local supply decision rules at the 
Naval Supply Center, San Diego used an order cost of $5.40 per 
order. ^ It would appear the latter lower estimate was based on 
the fact that orders were placed for a relatively small segment 
of material Involved in the study; also that relatively small 
orders would be issued for the material involved. One of the 
larger inventory control points has recognised the increasing 
complexity of contracting for larger dollar volume and has 
estimated the cost of large orders (over $2,500) as about $725, 

I 

whereas the cost of small orders (under $2,500) was estimated at 

about $75 for the centralised procuring agency. When the Bureau 

. 

^•Gordon B. Carson, (ed.). Production Handbook . (Second 
Edition; New York; The Ronald Press Company, 1959) » pp* 4-55. 

2 Stanford Research Institute, loc. clt .. p, 22. 

McIntosh, loc. cit .. p. 12. 
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of Supplies and Accounts stock tables were issued originally for 
certain categories of locally controlled material, the tables 
were based on an estimated cost to order of 010.00 per order. 

In a study of the ordering costs of one of the Ravy’s inventory 
managers, the Ships Parts Control Center, Mechanicsburg, 
Pennsylvania, line item order costs were determined to be 024.08 
for small purchase orders, 041.89 for negotiated contracts, and 
055.34 for advertised contracts. It is noted, however, that 
ordering costs for this estimate were relatively narrowly defined 
as only those costs incurred at Shlp^ Parts Control Center. 1 

That the estimates which have been cited are so widely 
divergent of necessity, points up the fact that they have been 
computed on differing ground rules. In the report of Dunlap and 
Associates, Inc., some of the problems involved are noted: 

First, any estimates of the parameters required must 
be wholly arbitrary because the underlying theory is not 
stated In operational terms. The theory does not define 
"order cost" and "holding cost" parameters. There is no 
way of telling what costs are properly chargeable to 
these parameters, or where they begin or end, or whether 
they are long-run or short-run marginal costs. Such 
questions oa^ be answered only by making arbitrary 
assumptions. ^ 



1 Dunlap and Associates, Inc,, A Study of Procurement 
Costs at the Shin's Parts Control Center . A report prepared for 
the Advanced Logistics Research Division, Bureau of Supplies and 
Accounts (Stanford, Connecticut: Dunlap and Associates, Inc., 

31 July 1961), p. 72. 

P. 70. 






I 






To resolve the dilemma, for purposes of their study, the 
following was rationalized: 

Since the theory underlying the economic buy 
formula in use at SPOC has not been stated in 
operational terms, it is impossible to measure the 
"order cost" in a way which can really be justified 
in terms of the theory. The most that can be done is 
to make some arbitrary or intuitive operational i 

definition of the term "order cost" and to measure it 
accordingly. - 

Although there are difficulties involved in the 
determination of variable (short-run) costs, it by no means 
follows that no decisions should be taken. It is more difficult 
to estimate variable elements for short-run costs than for long-run 
costs. It seems reasonable that if the procurement operation were 
to be envisioned as one which would endure for a number of years, 
that as many of the costs as possible should be considered as 
variable costs in the determination of cost parameters. Hot only 
would this reduce the complexity of cost analysis, but would 
provide for a more efficient long-run procurement effort. To view 
the costs always In terms of annual budgets would deny the long-run 
advantages of using economic order quantity formulae. 

Obviously, there must be some agreement as to some time- 
frame of reference for the estimation of the variable elements of 
the costs Involved. Further, if the estimates indicate that the 

^bld .. p. 71. 
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value of a cost parameter should be changed, those changes should 
be Implemented on a progressive basis, since any revision of 
values will tend to, in the transient year(s), affect other cost 
parameters as well. Cost parameters must be studied in terms of 
the time, location, and other constraints involved and are by no 
means a one-time determination. In fact, the revision of a cost 
parameter will affect future determinations of its own value. 
However, it is concluded that we are not in a position to make 
sound inventory management decisions which will select 
economically attractive alternatives unless we know what our costs 
really are. 

Ihe way i 3 not easy. Problems involving the same kind 
of determinations are faced in connection with the maximization 
of cost effectiveness in decisions at top governmental levels. 
Indeed, if anything, the problems there are even more difficult. 

Particular attention had to be given to the 
development of meaningful coot/effectiveneos data 
on alternative weapons systems. Because of the long 
life cycle of major weapons systems, their costs must 
be projected over years— ideally over their entire 
life span. ... Since such long term projections 
are very difficult irith any degree of precision, we 
fixed on a five year period, which is short enough 
to make possible reasonably accurate estimates and 
long enough to provide a good approximation of the 
full cost. 

Additionally we needed to know, not only the 
one-time costs for development, procurement and 
construction of facilities, but also the recurring 
annual operating costs. 1 



^Charles J. Hitch, "Management of the Defense Dollar," 
Haw Budget Digest. Pascal Year 1963 . (Washingtons Office of the 
Comptroller , Havy " Department 19o2) , p. 22. 
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The Holding Cost Rate 

The holding cost rate is possibly the most difficult cost 
parameter to determine. This Is difficult not only because of the 
lack of accounting data relative to the variable cost elements, 
but also because of the three types of costs involved. The three 
costs Included in the holding cost rate are the costs of physical 
storage, the obsolescence risk rate, and the interest rate. 

The costs of physical storage include warehousing, heat, 
ll 6 ht, rent, refrigeration, dehumidification, janitor service, 
security, preservation, and the cost of physical inventories. When 
long-run costs are considered within the variable portions, there 
are further problems of allocating costs of materials handling 
equipment, warehouse bins, and the other fixed assets which are 
eventually required to handle additional material. Of the estimated 
costs of holding inventories, these co3t3 are more easily computed 
In a long-run analysis. They become increasingly difficult when 
computed on an annual basis. Two of the economic costs of holding 
Inventories which are difficult to justify when military 
inventories are considered are insurance costs and the loss of 
taxes. 

While the Navy does not pay for insurance, the fact is 
that it does sustain losses for which a prudent businessman would 
obtain insurance. This is not to say the Navy is in error by not 
obtaining insurance; this cost is included as a recognition of the 
losses sustained which are normally Insurable. The loss of taxes 
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Is even more difficult to justify, however. The cost of taxes 
would be recognized by a businessman. If the material in store 
for the government were not required, and these resources could oe 
diverted to industrial uses, then the government would be able to 
realize a return from taxation. This return is lost because the 
government has diverted these resources to public use. This return 
is lost to the government and, in this sense, is an "economic cost" 
of holding the material by the government. 

Tne obsolescence risk rate Is measured by a number of 
costs. It may take several forms, including (1) outright spoilage 
after a more or less fixed period; or (2) risk that a particular 
unit of stock will become unsalable for technological reasons. 

Some items in the supply system have a definite shelf life, such 
as photographic paper, rubber goods, or fresh produce. Also in 
military Inventories it Is often necessary to store items under 
other than ideal storage conditions. The humidity in one area, 
extreme cold in another, or necessity for outside storage in 
another, all may increase spoilage and deterioration. The 
obsolescence of material in store, particularly of repair parts, 

13 probably one of the most significant elements of the cost of 
holding material in military inventories. 

Because of changes In technology and operating concepts, 
items in the system are being constantly replaced by more advanced 
designs. Although those items having a replenishable demand, and 
therefor susceptible to scientific supply decision rules, are less'v 
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affected than others, this has increased In importance with recent 
technological developments. Whole new weapons systems are being 
made obsolescent, although, in general, the costs "sunk'' in the 
old weapons systems are considered before they are paused out. 

The Importance of this element is stressed simply because it is so 
often underestimated. As an example, in the budget presentation 
of the Bureau of Supplies and Accounts v/ith respect to the 
apportionment of the Naval Stock Fund allotment of the Ships Parts 
Control Center at Mechanlcsburg, Pennsylvania, it was estimated 
that 18 and 24 percent of the repair parts originally provisioned 
for new equipments for the fiscal years 1962 and 1963, respectively 
would become obsolete without ever having been used. 1 

Possibly the most difficult of the costs to consider Is 
the Interest rate to be used In the computation of Inventory 
requirements. The Department of Defense Instruction 4140,11 
specifies that an Interest rate of four percent will be used for 
inventory management purposes, based on the concept that the U. 3. 
Government pay3 about that rate; therefore, this is one of the 
factors used in determining the holding cost rate. However, at 
such time3 as funds are restricted on a temporary basis, a higher 
rate of interest might be justified by the Inventory manager or the 

1 3ureau of Supplies and Accounts, Navy Stock Fund. Fiscal 
fear 1963 Reapportionment and Fiscal Year 1964 Budget Estimate s 
(Washington, b." C. , Bureau of Supplies and Accounts, 1 October 

1962), p. 82. 
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Defense Department, on the pretext that if the money were not 
U3ed to finance inventories, it might be used elsewhere more 
productively . When the use of funds is delayed, that is, when 
the funds are used elsewhere with the understanding that a larger 
amount will be made available at a later date, and a higher 
Interest rate is used, the manager is said to be expressing his 
"time-preference rate." 

Time-preference rates express one element of choice 
in decision rules for a complex system. It is the 
choice of one from a set of alternative time patterns 
of benefits and costs expected in successive future 
periods. ’Where there are a number of such patterns 
or distributions over time that are all feasible, a 
common way to proceed is to consider only that subset 
wnere the importance of benefits (such as meeting 
demand) is assumed to decline either linearly or 
exponentially (analagous to simple or compound 
discounting) in successive future years. Each alternative 
pattern within this subset can then be characterized by 
its rate of decline." 

One interesting study was made by the Planning Research Corporation 
in which the thesis was advanced that if it were unnecessary for 
the government to hold inventory, the funds used to finance the 
inventory could be used for industrial purposes; hence the 
"interest" rate which is comparable is the average rate of return 



^Hfevy Department, Advanced Logistics Research Division, 
Bureau of Supplies and Accounts, What is Time Preference Rate? 
(Washington, D. 0.: May, I960), p . 16 . 
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on investment in the American eoonomy.^ 

Following this thesis, in order to determine the average 
yearly rate of return, earnings for 72 industrial corporations 
and the yearly asset values (less cash and receivables) were 
aggregated. The total ten-year earnings (1949-1953) were divided 
by the sum of the year-end asset values to determine the average 
yearly rate of return. The companies included manufacturing, 
electric and natural gas utilities, telephone communications, and 
railroads. The results are tabulated as follows: 



Industrial Sector Physical Assets Average Annual 

(Billions of dollars) Rate of Return 





1949 


1953 




Manufacturing 


76.7 


164.0 


19.6 


utilities 


17.3 


42.6 


10.2 


Telephone Communications 


7.3 


17.2 


14.0 


Railroads 


26.0 


32.8 


7.9 


Totals 2 


145.6 


299.8 




A. Stockfisch, 


The Interest 


Cost of Holding 


Military 



Inventory . A report prepared for the Bureau of Supplies and 
Accounts, Havy Department, Washington, D. 0. (Los Angeles: 
Planning Research Corporation, PRC R-156, 5 May I960), p. 4. 



2 

The totals shown are those which are included in the report 
(page 11), although they are Incorrect. The error arises in that, 
in the report, utilities were broken down into electric and 
natural gag. The subtotals for utilities were added in a second 
time, hence the totals shown are overstated by 17.3 in 1949 and 
42.6 in 1953. The correct totals are 127.8 and 257.2, respectively, 
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When percentage weights are applied, based on the percentage of 
each sector of the economy, the overall rate of return generated 
by investment in physical assets turns out to be 16.5 percent. 

There are a number of points that might be made which 
would reflect on the validity of this analysis. Some of these 
include the fact that only a relatively few of the larger 
corporations were used as a basis for the analysis. The smaller 
companies, bankrupt corporations, and the entrepreneurs are not 
represented. To include the noncorporate sector in the calculation 
would lower the rate of return somewhat, although not much since 
the larger sector, in terms of assets committed, is the corporate 
sphere. The "book value" of assets, which was used as a base for 
the computations, also does not accurately reflect their true 
economic value because of the deflated value of the dollar and the 
method of depreciating "old" assets. To verify the percentage of 
return on investment, a second method was utilized. The market 
value of outstanding securities of the 72 companies was used to 
value their corporation's assets as measured by the market. The 
market value was then divided into the income which acorued to 
these security holders. Several adjustments were necessary to 
refine the results attained. The results of the survey were as 
follows ; 

1 Ibld . . p. 14. 






. 
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Average Annual Market Average Yearly Income Rate of 
Value of Assets (Millions) Before Taxes (Millions) Return 

361,821.3 S8,604.1 13.9# 

This Is comparable to the 19.6# rate of return derived 
from the first method. The first method deducted cash, near-cash, 
and receivables, on the grounds that they were nonproductive in 
the social sense and to include them would have been double 
counting, whereas the second method included them. If all assets 
had been used in the first method, the percent rate of return also 
would have been 13.9#» identical to the rate of return obtained 
by the second method. 

It is a matter of conjecture to consider that the next 
060 billion invested in the economy will bring the same rate of 
return as did the previous 360 billion. Further, it must be 
observed that the market value of stock can vary overnight without 
a significant corresponding reduction in aseets. It would be 
another victory for "techniquemanshlp" were one to succumb to the 
statistical accuracy portrayed by the above data. But it is 
concluded here that the four percent set by the Department of 
Defense an the appropriate rate of Interest in the aforementioned 
Department of Defense instruction does not adequately reflect the 
rate of return which might be realized if the alternative to 

x Ibld . . p. 18. 
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investment in military inventories was investment in industrial 

# 

assets. Although this alternative is not available insofar as 
the individual military Inventory manager is concerned, the 
alternatives which are available compete for every other defense 
dollar, and in sum total the rates paid for military inventories 
are the same as for missiles or any other expense. Total govern- 
ment dollars must compete with the alternative uses which might 
be made of that dollar provided it were not collected in taxes. 

This is the point of view presented in Chapter III of The Economics 
of Defense in the Nuclear Age : 

What, in a fundamental sense, Is the "cost" of a 
course of action? It is whatever must be given up in 
order to adopt that course, that is, 'whatever could 
otherwise be kept or obtained . 

While it is contended that the four percent figure is 
unrealistically low in determining appropriate coat parameters, 
if the 13.9# were used as an "interest' 1 rate, then the holding 
cost rate would become extremely high when added to an obsolescence 
rate and actual rates of storage costs. If a ten percent 
obsolescence rate were applicable and a physioal holding rate of 
1 percent were used, then the holding coot rate would approximate 
24.9#. 

■^Hitch and McKean, op. clt . . p. 26. 



